On modelling recursive calls and callbacks with two variants of Unified Modelling Language state diagrams by Tenzer, Jennifer & Stevens, Perdita
  
 
 
 
Edinburgh Research Explorer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On modelling recursive calls and callbacks with two variants of
Unified Modelling Language state diagrams
Citation for published version:
Tenzer, J & Stevens, P 2006, 'On modelling recursive calls and callbacks with two variants of Unified
Modelling Language state diagrams' Formal Aspects of Computing, vol 18, no. 4, pp. 397-420.,
10.1007/s00165-006-0003-6
Digital Object Identifier (DOI):
10.1007/s00165-006-0003-6
Link:
Link to publication record in Edinburgh Research Explorer
Document Version:
Author final version (often known as postprint)
Published In:
Formal Aspects of Computing
General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.
Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.
Download date: 20. Feb. 2015
 	


ﬀ	ﬁﬂ
ﬃ 
!"#ﬀ%$ﬂ&	'
#)(*
!+,ﬂ-
. / 0 132 46575787/ 9 :;4=<?> :A@B8"CD4 <FEG575H@ EG/ 2
<IEJ575ﬃK EJ<ALM@ N 8+OQP ORN 1 CSES:T8ﬃEG/DO;@ 1VU W / 8"X 4=2
132 46575787/ 9 Y EG/ 9Z> ES9[4 @\OBE]O^4 2 8ﬃES9V:QEG0 @
_a`cb'bedf`%gihj`cb'kc`cgmlabenpoj`cgn'dq lsrq`%t*`%beu
vw#&

xj
y 
 
e
#)(*
!+z,	ﬁ	ﬁ
z,	{
,
ﬀ|
#~}
ﬂ!"	
  ﬁﬂ xj
#a,ﬂ-{
e,Ł &%7")%ﬁ#&c)ﬁ&¡ ~¢"~¤£~¥¦§w¥w,¨¨©mª&©%~&©%«¬¢j¦ª­j|¥Ł¨¨©¯®° ±*²³w´¡µ ±*µ ¶|®·%¸w¹,ºﬁ»
¼Łc¡¥½ﬁ¼¾¿¼¡j¡ÀwŁ½,ÁcÂc# ¡H¥wÃ&©%¼Ä&"~¡,¥·w¥wŁ¨*%Ł,ﬁ¡©Å%¸w¹,ºÆ¸aŁ ~Ç|¼È¼~º¨~¥w©ÉŁ¡ w¥
cÇ%wºŁ %ÊÁ)Ëj ¾Æ,Ç¼,,Èa&¨ÉcH&¨¨~¡,Çc¼)j¾¿¼ÌiÍ%¡½¼¨Ãﬁ©Î# ¡É¥wÃ&©¼#&½j ~¼ﬃ¼ﬁ~É¥ÐÏ®° ±*²³w´¡µ ±*µ ¶|®ÉºŁ¼É»
·~º, %ÊÁÒÑÓÔﬁ ~ ¾Õ¡ ~&Ö¢¦¯ªØ× ÚÙﬁR¡Ûº%¨Ł¡¼~Üsﬁ,½&c¡ÃºŁm¨¼¥i¡Û&~¼½&¨¼~i¸), ~Ç|%iÝ 
¡Àc)º# ¡%¼)º,¼¡¼Èy&~¥ÓÓ~¼ﬁºŁ¨Ã&ﬃ¡ ~&7¤7ÃH&7a%ﬁ¸¨mw¥w,¨Ø¡º#¡Ç%ºŁ¼¨¨Ã,ÈaÞ¾+ º# Ô&Þ¼¸¹,º7»
º,Ç%,Ø·ﬁº¼)¥½ﬁÀ|~º# ¼~¼~e,&©¼+¾+ ~¨ÃÒ¨¨~½ "wº,¼Ê¡¼º~©H¡7 "£~#ﬁ,Á¼ÑÞ"¼a%¡"Å¡¼¨w¡¼
~¡~©ﬁ&¡Å¥wÃ&©%¼½ÄÎ¾Æ½º%¨,Łc¼¡À¾ÒÀwŁÁ
ß§àcáyâ·ã
ä'%åﬃ¢¦¯ªØÈ%¸w¹,ºﬁ»¼,c¡,¥i|¥Ł¨¨©~È~¡¼¡wº%¨y# ¡7½%º# ~,,È# ¡H½¼º# ~ŁÈw,ºŁ#ﬁ¼ÊÈwº,&¨¨¸~%º#Ìw
æçsè%éÆêwëì+íjîjïaêðﬁìÄé
ñ
 i¢j£~,¥ò¦¯|¥Ł¨¨©¯ª¼©¼)&©¼§óôﬃ¦õHö¼÷Èeôﬃ¦õHö¼ø ùÆ ~%Å¸aŁ,ú¾+¥w,¨ÀÔ¼¥¼w,¥Ô¼§#&~¥¼¥Þ¨Ã&©%~&©%ÉÍ¼
w¥wŁ¨¨© 7¥w,¡©%Ö&¿«ﬁ¼¾¿¼¡­¿ﬁÀwﬁ¡Ł½,Á)ô7¥wÃ&©¼#&;À|a7¾+¤ Ö¢¦¯ªÔÃ¿¡ Åﬁ&¡Å¥wÃ&©%¼ÎÈw¼m%¸w¹,ºﬁ»
¼Łc¡¥m%¥&w# %m¼'Ëj¼¡,¨Ê# ,º# ~¼ﬁ#ŁÁ
ñ
 7~¡7½¾+ º# ¯ﬁ&¡Å¥wÃ&©%¼½+&ﬃ~wjÇ &+¾+¡ Ö¡ ~7À|)Å¼'~¡¼¹,ºj¼~¥Î¡ ~Å|¥Ł¨¨,,× +Í,¡,~ºŁÈ
¸w¿ﬃÀc~º,&¨~)ﬁ+ÃØ¼Í¼¨¨ ¾",Á
ñ
 "w¥w,¨¨ŁÄ¥,ºÃ¥we¡ ~&Æ¡¼+¼Ä¼¨¨~&*¡ º¨Ã¼ﬁe¾+ º# ¼¡¿·&a,¼ 
¡À|ﬁ¡,û¡ ¼~¨¥m¸)7w¥w,¨¨,¥Î¾+¡ §# Å¥w¼©¼#&½,ü%À|ÃºŁ¼¨¨À¼ÈºŁ¨%¡¡,Ò¾+ ~º# Ö&H),ºŁŁÇ¼,¥i¡½ )Ç¼ÎÙﬁ%Ł,ﬁ¡©%Ü
ﬁ º# ~&~©¼¸), ~Ç|%7¾+¨¨Ø¸a¡§Éw¥w,¨¨,¥ÊÈÊ¾+ Ł,%ﬃ¡ cﬁ¾+ Ãº# ú&½º¼)ﬁÃ¥wŁ,¥ÓÎ¸aiﬁ&¡Ł¨,H¼Å¼¨c
¡¯¾+¨¨Ä~&¸a¼Áeý%§©%Ç%Łúº¨Ã¼,ÈÊ¡ ~|¥Ł¨¨,Ã¥wŁc¤£~7 m¼¸~%º·ﬁ&¡,,È¾+ ~º# ò¾+¨¨Ä¸aiŁ,¡Łc¡¥Ô¼
®þÏ&þß®Å§¡ # ¡É¥wÃ&©¼#&ÖÁ
ñ
 Ã|Ç¼%¨Ç%,+¥wºÃ¥w©i¾+ Ãº# ¯¼¡a,º#"¼ﬁ&¡·¼¡·c¡,¡~©~È~Ö¡ ) j ŁÀÎ½À
 *,º7¸), ~Ç|%,üa·ºŁ&Ó¸)½¡Ł,Þ%ﬃº# ~ccﬁ©Î&ÞcÇ¼¨,~ºÉŁ¨Ã ¡¼Ó¼¡ ¡H&H«¬º%~º¼ÈaÍ¨¨Àc» ¥w#&¨¥~­
a%ﬁ¸¨¿ﬁ&¡,e¼~¼¸¹,º#'&~ +º¨Ã¼ŁÁ É~&#&¨¨Ł¨ﬂÈ  Òº%~¡¥w,'¾+ Ãº# Îß	 ß±)þ¬®Ò½Àﬃ )&aŁ¡7&¼¸w¹º&~¡ Ã

ﬁﬀﬂﬃ !"#$%&'!(!)*
 Øzﬂ &+z,	{
,
ﬀ&
#%}
!"ﬂ	+  ﬂ xÆ
#c),ﬂ-{,+	-Ł(/.102+	3e-4 50*ﬀ76
-+.7ﬁx	8 ﬀ:9Ê
#,+ )Łﬂ-{<;(=ﬂ>-	?@+  (3ﬁA!"#ﬀ
)
¼ B',A ,A #	A C
  - ﬁwe#
* ﬁ ﬂ+zŁ
S1
S3
S2
S4
g() g()
f()/this.g()
	

 zŁ!+ﬀ'
ﬀ!Ú ﬂ 

º¨Ã¼,È%&)¥¾+ ~ ¿ *,ºÆ¡ cﬁjŁÇ¼,cØ )Ç¼"%¡ ﬃ&¸~ﬁ¡#¼ºÆ# "&y j%¸w¹,º,Á  ¡ ﬃﬁ7%~Łc¡Ã&¨aﬁ©¼¨»ﬂ¡ ~¡¼¥w¥
¡À|ﬁ¡,½¾+ º# R¼¡m¡ ¯ºŁ¼~ºŁŁs¼j ~&aŁÈØÓÀc~º,&¨",Ç¼Łc½ÃÉ¡ §,ºŁŁw½&7Ó¡&©%m¾+ Ãº# Û¡7c,ﬁ
¡ ~ÅﬁÀ|~º# ¼~¼~Æ|Ç%|º, %i&e&Î¼aŁ# %ÊÁ ñ  H|¥Ł¨¨,+Ài¡º¼#¥½ ~ "ºŁŁ¡&Ö# ¡ﬃ¼~ﬁ¡¼)Æ )&aŁ
¼~¨ÀÎ~&¡¡Ãº¨Ã&ººŁ½#&~ºŁ,,ü¡ ) Ã,È)  Å½ÀÖ¼¥¥&¶~Ï&´®Å½¡ ~Å¡#&)ﬁ¡¼~,Á)ý'~&¨¨À¼È)  ~Å½Àm,ºŁ¼#¥
  ¾T¼Ð%¸w¹,ºÉ,%º·¡ÔÓ©¼Ç¼ŁÐŁÇ¼,cÉ ~¼aŁ©ÞÛ©%Ç%ŁÐﬁ&¡Î¸|Àòﬁ  ¾+©ÛÏ¼²Łþ¬µ&±®Ö¼ò Î¡#&~¡¡¼~
«¬¼~¥" ¼Ò¾+¤ Ö¡ Åﬁ&¡,,Èw¸w+Í%j¡¨ºŁ¤Ài¾Æ7%É+¡ ) "a%ﬁ¸¨À ,¡­Á ñ Àc~º,&¨¨À%È|¡ 7w¥wŁ¨¨Ł"¾+¨¨&
,º%¥ŁÇ%ŁÀ·¥wŁ&¨~¼) "%¸w¹,º,× ¡¼º¡¼ÊÈ&¡)ºÒ¡ ) Ä©¼ cØ|Ç%¼¨Ç¼Ò¨Ã¼º©H "¾+ %¨+¼*¼½ŁÇ¼,c¡~¼¨wÉŁ¡ w¥
É~¨,É,c %s%É¼¼ %Ð%s¡#&~¡¤%òÚÞ¥wÃ&©¼#&ÖÁeûºŁ¼¼Úº¼¼ÃﬁmÉÞ¡  ¾Q%¨ÀÔ 
,¡¼©¼H¾+ º# Ô %¸w¹,ºÅÀÐ®Łß±Ô¼7~¼ﬁÅ¼+¤#Å,¼º¡¼Ó¡¼ÔŁÇ¼,c·ﬁ~º# ò%7,º,Ç|©§§,¡¼©¼%Èy¸w
¼ÆÉ¡  ¾R%Ł~&¨*º%w&¡¼i¡~º# Î¼ÆÇ¼¡Ã&¸~¨ﬃ¼ﬁ©¼,%#ŁÁa«¬¦§¡&©%,Æ¾+ Ãº# m&i¼¸w¹º+ﬁ,~¥¿¥w,º¡¨À¡
¡Ł¨'½À%+Ài&+¸a7¡,©%&#¥w¥i¼Òc¡,¡~¼¨Êº%É~w&¡¼ÊÁ­

¼¨ÃÇ¼¡À%ÈŁ¸'¡¡Łc¡Ã&¨¨Àj wº,ÊÃ¡º¼Ł)¥w,¥H·½&|Àﬃ¡,w#&¸¨Æ¡¼#ºŁÈŁ~ºŁ¨)¥w~©jÍ%¼É~¨

||º# §Łﬃ¼¨Á× ﬀﬁﬃﬂ®ŁßŁ´! Ò¶"#¼ßÖó
%$'&)()*
ùe¼~¥Î¡ Éﬁº%~¥§&w ¼× " ¾++®,±-./ﬁﬃﬂó ¾
$10
¼wùÁ~ÑÞ·, ~¼¡Ãﬁ
¡ ) +&¨¡ %©¼ Î·ﬁ ﬃ¥¼©¼#&B¡,¡ﬁ,cÙ¡&¨¨a¸), ~Ç|%Ü7¼&m¼¸w¹º,ÈcÎ¡¼¼¼Ã ¡ﬁ,~ﬁ%Èc¡ ÃÒ¥w|,
¼¿,¼½¡ ) Ò¤Ò¡,,¡ŁcﬃÏ32425#ß³~Ï6¬µ ¶w´&y¡ ~%¸w¹,º¿ ﬃ¡Ł)ﬁ&Ê~º¨~¥w©&¨¨) ﬃwÍ%¡½&¡¼½ ~ ¿¾+¨¨
¸a7¡,¡ﬁ,c¡,¥iÖ"ºŁw¥w¼Á
7
 ¾7Èc·)º# &Ê ﬃ¡Ł»¢¦¯ª¯8w),ﬁ¡ji~¡©ﬁ&¡j½%º# ~,Æ¾¿%Æ%º	c¡¥½¡ Hº%%|Ò&ÊŁÇ%Łcﬁ»¸~%ﬁ¥
¡À|ﬁ¡,½ŁÈ%¾+ Ł+À|ÃºŁ&¨),¡¼©¼,¼¡¼¡Àc)º# ¡%¼)ŁÈ&¼~¥½&¨%ﬁÆ&¨¨~¾¿¼ÌÅÍ%¡½&¨Ãﬁ©Å¢j¦ª¯# ¥wÃ&©%¼e )¼
¸¨H%§¡ ~Í¼~~¥ %Ó¼~¥%¡¡,¥¯%ﬁÀ|~º# ~¡%¼~jº¼ÃºŁ %ÊÁ5 ½&~ﬁ¡,& ¡&¾Ò&·¥w,Ç¼Ł¨¼~É,c,È
  ¾¿ŁÇ%ŁÈa¡À|~º# ¼%~ºŁ¼·~º, %ÓÃH¼ÉºŁ¼¼ÊÁ/ Þ¡ ~H~¼),7¾Æ½¥w,¼~ﬁ¡# · ~ 7 H¨,%¥ﬃ¡§
¼¸¨ŁQ¾+¡ m¡ ~H¢¦¯ªÞﬁ,¼c¡ÃºŁ,È|¼~¥¾¿ﬃ¡%)cﬁHÉﬁ%¨w%¾+ Ãº# mÃÒº%É) ¡¸¨¾+¡ m¡ ~ﬃc¡,%%~¿&Ê 
¢j¦ªÔ¨¼©¼~¼©¼H¥w,¡©¼,,Á
ªÊŁ~ﬃ©%Ç%i¡½&¨¨e&¨·¾+ Ãº# ¯Í%¨¨ ¾+© É¢¦¯ªÚﬁ,¼c¡ÃºŁ,Á
ñ
 ¡©%¨É# É¥wÃ&©%¼ûÃﬃﬁ  ¾+
ý'©%¡ﬃ9¼Á*Â|a%¡¼¯¼¸w¹ºﬃ¡,¡ﬁ,c¡,¥Ö¸|Àm¡ ÃH¥wÃ&©¼#&û# ;:<9É&~¥Ö,ºŁŁÇ¼,j,¡¼©¼>=e«­È*¾+ º# 
ºŁ¼~¡,¿¡ ~7¼¸w¹ºÒ¡½¡Ł~¥Î¡Ł¨ 7,¡¼©¼@?*«ﬂ­Á	AÑR ~ j¡ ¼~¨¥m¡ ~7¡ﬁ¨¡©½ﬁ H&'¡ 7%¸w¹,ºÒ¸a6B
jº,º%¥w©Þ¡Ô ¯¢j¦ª ﬁ,½&c¡ÃºŁ,Èe¡ ,¡§Ã½ò¼~¡¾Æ,Ô¡ Ã c%Ce¡ ~¯½¼º# ¯¥w¼¥w¨wº#Ì|,Á H¾Æ
º%~¡¥w,Ò¡ Å¥¼©¼#&A¼+ºŁ¼¨¡H½¼º# ~7¡)º£)ºŁ&¡¼ÊÈ¡ Ã+ÃÒ¡¼¡¼~¼¸¨%ÁwË" ¾¿ŁÇ¼,,È%¡ ~"¥c+¼+%ºŁºŁ¼#¥
¾+¡ ·c¡¡¼È,%¾+¡ 7 Ò#&~¥¼¥¨ÀHﬁ~©¼©¼,¥H¾ÒÀ¼~¡©ﬃ# Æ¥wÃ&©%¼¥w,º¸)¥Å&¸a Ç¼%Á	w¡ ~¿¥wﬁ©¼~Ł× 
Ã¥w,ÃÒ¡ ) " 7¨Ł,%# %§&D=e«­Ò¾+¨¨|Ç¼%¨Ç%ﬃ¡ 7|Ç¼wºŁ&¡¼Î&E?*«ﬂ­H«Í,ºŁ¼#¥w,¥mÖ ·¥wÃ&©%¼­Æ¼~¥Ö&¨Ãﬁ
¡¼½& Ł·ºŁ¼w# %ÊÈ¡~º# ú¼Å%¡¡©%Łc7¡¯ ¡¡¸~w¡i«Í~&Å,º%¥,¥ÞÞ i¥wÃ&©%¼ÎÈÊ¼©%¼ÞÍ¼¨¨ ¾+©
ﬁ&)¥&#¥~%º¡Ãº­È* i¥wÃ&©%¼ &¸a Ç¼Å¼º¡¨À¯¾+ ~ Å¾+¨¨Ø¸)½~¡w¥w~ºŁ,¥yÈ&~¥Ó¡ ~¥w,¡©%Ł7¾+¨¨Øwa,º7 
,¡¨¤~©¯# ¡½¼Æ %¸w¹,º7¡§¸aﬃ:DFwÁ
ñ
 ÅÅ¡  ¾+Ô¸|À¯ ½¬¼º7¡ ~&Å¡ ~ ,%¥Þ&¿¡ i¡¼¨½&¡ ¾^¨¼¸),¨¨,¥
=ÞÃa¼c¡©m&Hﬁ&¡G:DFwÁ5ﬃÃ)c¡¡¸~¨¡ ~& É¼¸w¹º,× ﬃ# ¡%È)¸aŁ©%~~©mH:<9%È)Ãﬃº# ~&©%,¥ÖI:DF¸|ÀÖ¡¼
w¥w,¨¨,¥¯ºŁ¼w# %ò«ÍaŁ ~&~&¯%¡¡©%Łc"¼·&¡ ~Å¼¸w¹º×  ﬁ¡¸w,,È)¾+ ~%¡ÅÇ &¨·¥wŁ¡Ł~,
¾+ Ãº# Óﬁ&¡·¼Ø¡ ~Éﬁ&¡¥¼©¼#& ¡ É¼¸¹,ºﬃﬃ)­Èa Ł¡J:eøi¸|ÀÎ¡ Éwºw%&K?*Èa¡ ,s«¬¸~¼º#Ì­ÒL:MF½¸|À
N
.H
ﬂﬁ	ﬁﬀ x+6OQP4Ra*
'ﬀSTS VU !
#@W3PXRa
ﬀ,SYS,ﬀ&! 
Ò{'# ﬂ
Òﬂ
![Z\Êﬂ
%Z
 
A(y#ﬀﬀ& Ł#ﬂ'	ﬁ#jx+	ﬁ#ﬀﬀ%#	

##ﬂe	 y
!ò{!^] _ .a`Eb>dcP
 
6e\gf
 
RA}
ih#!+ﬀjW3PXR*
j{'# ﬂ
Êﬂ
!kZ\
1Z@>Æ#lZ
 

mZ"f¿ÊÄ	¡#ﬀﬀ¼ Ł
n
{	{7e	ﬁ#·xﬃ{Æ	ﬁ
ﬂﬂ&
-	ﬁ#ﬀﬀ#	 
,A 0*
#{Å	ﬁ#ﬀﬀwﬂÄ#7	ﬁ#ﬀﬀ~#	 ﬂ
Ø#ﬂÆ#ﬂﬂ
Ł	 ﬂ
n
 ﬂ{Å#Å
&
Å7 2.Hv5+
A A	ﬁ#ﬀﬀ| Ł#H#	
ﬂ
- {e!+
,ﬁﬀcŁ
Ł	ﬁﬂ

#ﬂ{Ø
&
7
#ﬂ{Ø
po	 &A&}H 2.Hv
 
A b7+,ﬂ{Ø!+ ﬂ#!+
,ﬀ|ﬂﬂﬂ-
{ ﬂﬂ
ﬀ-{Łﬀ x" q¼ﬂ&+ { q¼ﬂ	'
Ò
#dq¼ﬁ	 
¼
 A
.H
Łﬀﬀ-¿ﬁ	ﬂ

n
 { 2.Hv·ﬂﬂØ #-ﬂ#!+ >
Í¡¡ ,+w¥wŁ¨¨,¥Îº¼ %Þ«ﬁ)º# m¼+É¡,º%~¥i%¡¡©¼Łc¿¡É¡ ~H&H ¡¡¸¡­Á~"¨¡,¡) ¡Ç¼,¨À%È|¤+½À
¸a¡ ½¼¡ , ?§¡#&~¡¡¼Þ¾+ º# ÔÃ7~¡,¥yÈ¼7¾+ Ãº# Ó%½Ã7~¡,¥ÓÀÓ¥wŁaŁ~¥Ô%Þ¡ ½8|ºw%ÞºŁ¼c¡8|,Á ñ  Ã
~¥Ł#ﬁa,ºŁ¤£)º, %òÉ%¡½¼¨Á  ¡~ºŁ¼¨¨À¼È¡ ~Î¥wﬁ©¼~Ł¥w|,&cŁ~¥ò¡ Ö# Î¥wÃ&©%¼F¸a§º%¨Ł¡
½¼º# )Cw¤jºŁ¼~ﬁ¡¡w,"É¨|%¡H¡a,º£)º, ¡¼Î&'¡ ~ÅﬁÀwﬁ¡ŁA¡ Å¥wﬁ©¼~ŁÒ ~¼"Î~¥ÊÁ
ñ  ÎÍ~¥~&Łc¼¨+¼¸¨Ł ¡Ł,½·Ô¸)Ö ~ ¢j¦ªú¨Ì¼m¡ ¯¢¦¯ª º%ÉÀò½¼·¸Ç &¨Łc&¸a¼w
¾+ Ł¡ ,ﬃ# ·¥wÃ&©¼#&½"¼¡·c¡,~¥w¥Ö¡m¸)Ï%²³"±aß®#Èyº,&~¼¸¨·&Ø¸aŁ©i8|ºw,¥yÈa¼j¨|%¡·¡)º£)ºŁ&¡¼~,È
º%~ﬁ¡#&~©ii¨Ã Łﬃ¨Ł,%# %ÊÁ  ñ  ¢j¦ªs¡Ł½&cº,ﬁ¡¼©%¨ÀÖ¡©¼©%,ﬁj¡ Í¼ŁÈ)¸ﬃ Ãﬃ¥cﬃ&
&¨¾ÒÀ|H%ºŁº%¥Ó¾+¡ Ô  ¾^¢¦¯ªRÃ7~¡,¥yÁ  Þ)&¡¡Ãº¨Ã&Èy¾+ Łúﬁ&¡¥wÃ&©%¼H¼¡~¡,¥Ó¡§w¥w,¨ÄﬁÀ|~º# ~¡%¼~
,¡¼©¼")¼ﬁ©Å¸a¾¿Ł,¼¸w¹º#Ämﬁ7%~Łc¡Ã&¨aﬁ©¼¨»ﬂ¡ ~¡¼¥w¥½ﬁÀwﬁ¡ŁQ¢¦¯ªØ× ¿¡»&» º¼¨%½ﬁ,¼c¡ÃºŁ
ºŁ¼~¡,¿&%¼¨,,ÁwÂ|¤~ %~Ò¼¿ﬁ ~ ¾+m&¸a Ç¼ºŁ&m¸)Hw¥wŁ¨¨,¥¸|À¢¦¯ªÓ¡c,~ºH¥wÃ&©%¼Æ&~¥i¨Ł,%,¥
¯&Ö¼¸w¹ºj%¡Łc,¥Î¼©¼#&©¨¼©¼~¼©¼7&¨¡ ~¼©% m Å8|ºw%Ö&Øº%¡,¡)%~¥w©½¢j¦¯ªÐ# ¡7½%º# ~,
¾¿¼¨Ã¥7,¡¨¤'Éj¥w¼¥w¨wº#Ìﬃ%ºŁºŁ¼#¥w~©+¡j¡ Ò¥w¬¼¨e¢¦¯ªiw»ﬂ¡¼»ºŁ¼¨%Åﬁ,¼c¡ÃºŁ¿«¬¡ŁÄ8&¨ÄÉÂ|º¡¼
FwÁ 9­Á ·ÃÅc¡Ł,ﬁ¡©Ö§&ºŁ½¡ ~&Ëj¼¡,¨Ä&)¥Ôõﬃ,¡ÀÛó Ëõ (	 ùÆ¾¿Ł¾¿¼¡¡ ~&·,º~¡Ç%¼aŁ# ¡¼úº,&¨¨Å¼¡
¼¸¨Ł½&¡Ãº¸~wj&)&Łc¡¨Àº%~ﬁÃ¥w,¡¥ ŁûÉa¼¡¼c,Á ñ  ,À¾+&¡)C


A A
n
{Ä{*	ﬀ&4 ﬂﬁ	ﬂ{ #aŁ
C)#
#ﬂ{ﬁ~
6o¬	 &4 
&
,+ ~ih,	ﬁ,ﬂ
¿ﬂg~Ä!+# ﬂ
 +##Ø{*ﬂ{ﬂﬁ#¿
#&	
ﬂ
ﬀ
y #ﬂj
Æ{e	ﬁ#ﬀﬀj
6o¬ﬁ	  A&(*ﬀﬁ#ﬂﬀ x+Łﬂ{y!+-{y	
ﬂŁ+
n
 ﬂ{"{e	ﬁ#ﬀﬀ
po	 Ê	ﬁ#ﬀﬀ-¿
#{ﬂ+#jﬂ
Æ
,A7;

n
+ Ø	x,	ﬀ
#

,	ﬁ
'ﬀﬁ#-¿ #	C"ﬂ
¿{ﬂ#!+e
6o¬	¬#	ØÊﬀﬀ-#ﬀ+#ﬃ#H¬ﬂ!+
Òih	Æ 
n
ﬀﬀc#&
¬&A
 ¯ ½º%%|H&¿¡À|~º# ¼%~¼¸w¹ºH¼,%,¥ÓﬁÀwﬁ¡Ł½,È*¾Æ¥wÎ&Åº%~¡¥w,j ~ H ¡%¸¨Ł ºŁ¼¸a½ﬁ
,%ﬁ¨ÀH¥¡ﬁ¥yÁ7 ·¼¸¹,ºe¼Łc¡¥Å¥w,¡©¼Å,ºŁ¡Ç¼Äº,&¨¨wºŁº~Íc,%¨ÀC,Í¼'&¨¼È¾+ ,ŁÇ%Ł'&|ÀHÉŁ¡ w¥
Ãj,ºŁ¡Ç¼¼È~¼j¾+ ~Ł¯ ¡¡¼ﬃ¼7ô¸~¡ŁÇ¼Łj~ ¡¡Ł¯Ãj)ﬁ¥yÁa¦¯¼Ł Ç¼,,ÈwÃ&¡Ç|Ã&¨Í¼" ¥w,¡©%Łj¡
Ç¼%¥Ôº,¼¡,7¾+ ,¡¡ ÃÅ¼¸~¨,I¾+¨¨¿&¡¼Á'Â|ŁÇ%Ł#&¨Äﬁ&¡i¥wÃ&©%¼½7½À¸aicÇ%¼¨Ç¼¥yÈÊaŁ ~&~·¥wŁÇ%Ł¨¼a,¥Ô¸|À
¥w  a,¡,caŁ¼~¨i&¥w  a,¡,c·¡,,Á jÖ|¼¨ﬂÈ¼¥ Ł~©¡Ãº¨ÀÓ¡¯¡ Î¢j¦¯ª\#&~¥¼¥ÊÈÊ¡ŁÍ~¡,¥Þ¡Þ¼º,ºŁ·¼
wº,Hﬁ)º# ÓÖº%¨¨,º¡¼¼¿ﬁ&¡¥w¼©¼#&½,È) ¡ﬁ~¨¤7º%¨¥Ó¸a¡Ł¼~Hº%wÍ~¡%Ó¼~¥¨%ﬃ&Òº¼£)¥wŁ)ºÉ
¡ ~H¡|¼¨Ê¼~¥" %Ò§¢j¦ªÔ¤#ﬁ,¨¤Á
 ¡ Ã~¼),¾Æ+¥wÃ¡ºŁ~'¡ +¼¸~¨, &~¥É¼a%¡Òﬃ¡¼¨w%ÊÈ&¥w#¾+©ﬃ¼É¸a&¡ É "¥w# Ä¢j¦ª/FwÁ öH#&~¥~&#¥
&)¥iŁ¨ŁÇ &cÒ¡ ~Ł¼º,&¨y¾¿¼Ì¯ó Hö9&È)õHª'Âö9ùﬂÁ
 Ł¨É~¼¡À%ÈÄ·)º# Ýﬁ %ﬁŁŁa¼¡i¼ﬃ Ãi¾¿¼ÌÐ¾Ò¼i%¥w¯ ó
ñ
Âwö¼÷ùÁ
ñ
 ¯½&p¼¥~¥w¤%~ ~Ł&C
º%~¡¥w,&¡¼ò¼j  ¾Q §¼¥¼w&¡¼~&ﬃ¢j¦¯ª ¼a%¡,¥ò£Éc¡Þ¡ ~Î¢¦¯ªD9%Á ¼|¥Ł¨ﬂüe¡ Ö¼¥¥¤%s¼
a%ﬁº%~¥w¡¼~¿%m&wº¼¨)¡#&)ﬁ¡¼~,üw&¨¨ ¾+©ÉŁ¾p¼¸w¹º¿¸aÅº,&¡¥yüw&iwÍ%¡½&¨y¥wÃº~ﬁ¼m&'~ºŁ¼É»
¨½ÉŁ¡ w¥Ô¥w¡ºŁ¡w¡¼)ﬃ¼~¥Þ  ¾  ŁÀ¯£Åcm &~¡c¼º# Êüy¼~¥¯ ½~¡&+&Þ&¨¾+ º# ÞÃÅ¥w#¾+
Í¼TÉ,&¨»¾Æ%¡¨Ã¥i¼¨º, ¡¼ÁwÑÓÅ¼¨¡~ºŁ¨~¥HÍﬁ Ł¥wº)¡¡%i¼ 7~%º"¼¡ ~7É Ç%ﬃ¡½¢j¦¯ªjFwÁ öÁ
ﬁﬀﬂﬃﬁﬀ! #"$ﬂ% '&'%()&*"+% '&,ﬂﬃ-(/.01 'ﬀ324ﬀ56
ñ
 Ã~&aŁ½Ã½¸~%ﬁ¥ò%Û¢¦¯ªD9%Á È'¡ ¯ºŁ¡ŁcÍ¼½&¨¨Àò¼ Ç¼¥Ðﬁ&)¥&#¥Ð&É Ö¡§&H¾+¡¡©R«¬¦&#º# 
F&ö%ö)%­ÁÒ&¨Ãﬁ)È¼¼ÄÉ,c¡¼¥½&¸a Ç¼¼È%¥w¾"Ø¼¡ ~j,¾Û¢¦¯ª/FÁ ö·#&~¥¼¥ÊÈ¼ºŁc¡¨À~¡wº,,¥w©H ¡%©¼ môﬃ¦Óõ
&~¡ Ç ¼¨Á7 Â|,º¡¼

¾¿+¥wº)¡¡ ~+~%º&)¡ +¼¥¼w%¼a¢j¦ª/FwÁ öÁ
ñ
 Ò,%¥wŁeÃ¼ﬁ¥7¡H¸a¿¬&¨Ã&
¾+¡ ¯¢j¦ªØü~jÃ+Éa¼¡¼c+¡½¼¡H¡ ) " ·¥wŁ£~¡¼§&¢j¦ªú+¡ Éôﬃ¦Óõ ﬁ¼~¥&#¥Ôó ôﬃ¦ÓõHö¼÷ùÈ~¼"¾+ ~ jÃ
º%c&¥i§&|Ài¢j¦ªÔ¸)|¼Ì*Á
 Ûﬁ7%~Ł~ºŁÖ¥¼©¼#&½ŁÈ'¾¿Ö¡  ¾A8w¡¡¡¼~É¼s¡Ł¡Û&¡ ¾"·¡Ô~¥wÃºŁ Î¡ §Ç &¨Ö¡~¡¥7Ô¡ ~½Ã
º%É%ÊÈw ~¼¡¨,+&~¥m),¡ﬁ,¥Î§¢¦¯ª/FÁ ö~Èw¸wj¼"¼º~&¨¨Ài¥w,º¸)¥iúó ôﬃ¦õHö%÷ùÁ
ÑÞ½¼Ì¼½¡ŁÇ¼,¼¨Øﬁ¨¤ÍÀ|©¯¼ﬁ~É¡¼~,ÁyÑÓi¼¨ÀÓºŁ¼~¡¥ŁÅ¡cŁc¼¨ØﬁÀwﬁ¡Ł½,È¡Î%·ﬁ&¡½¥wÃ&©¼#&½
&¼¡,¥Þ&·¡¯½&Ì%½~¡&+º%~ºŁc·ﬁ~¸~# ,,ÁÊÑÓi¡,&Å¡%¨,~&,HÃ¥w,%º,&¨¨ÀÞ¾+¡ ò ¡¡¸~w¡ŁüÍ¼
¼É~¨%ÈÊ¼ ﬁ¡¸wŁ|Ç|¡%ŁcH~º¨~¥wi¡%¨,~&,,ÁÂ|)º# Ô¼ò ¡¡¸¡ ~%Å§º¨Ã¼HÀ|a¼È¼~¥Þ¤#ÅÇ &¨
¾+¨¨Ø¸a½&Ô¼¸¹,º7Ã¥wŁc¤£~,,ÁÊý~¼ÅºŁ¼|Ç¼,,~º%È*¾Æ½¼¥¼wH¡ ~º¼|Ç%Łc¡¼¡ ~&ﬃ ¡Å&Ò ¡¡¸¡,H¼ÒÖºŁ¨%¡
~º¨~¥w"&¨¨Ê ¡¡¸¡,+¡ ~&+º,&Ö¸aÅ¥wŁÇ%,¥Í¡%û ¡¡¸~w¡Ò&¼ﬁwºÃ ,¥i¼¸w¹º,Á
ý%¡ ~|¥¼~¥É¼¸w¹º~&¾ÆÒ~¡98;:	<=8>8@?ACB DE8GF4H)I ?+É¡ Ã~¼),,Á

¨Ã¼e~¼É&¨¾¿Àweﬁ&¡¾+¤ HºŁ&~¤#&¨
¨ﬁŁj¼~¥Î&H¡  ¾+mÖ%¡½&¨ÊﬁÀ|¨%Á
J
)ﬃ{ﬁ!+
ﬀ
-#x"{Øﬂ# #Hﬂ{

n
{Êﬂ

)
{ﬂﬂ!+Ê¬Ø #-#!:+ﬂﬂ	{ #¬e #-ﬂ#!:+¬	{ #¬Ø#ﬃ¬
!"#	{"#ﬂ+
#¿#ﬀ
n
ﬁx,Äﬂ	
ﬁﬀ xIP	ﬁ
!+#ﬂÒ
Äih#!+ﬀ ] _ .a`Eb>dcEP > 6e\>LKRØ#IP > 6e\gfbRRA~}{¿#¼
n
"ﬂMﬂ¬
 #-ﬂ#!9NÒ#¿-#ﬀcﬂ!:+ﬂﬂ,-OMﬂﬂﬂØ!"#	{@NÆ
#ﬃih,	ﬁ,#ﬀØﬂ
,A
f - ﬁwe# * ﬁ ﬂ+zŁ
 >ﬂ(ﬂ'(	ﬃ ﬀ
	 ﬂ'ﬃ*% ﬃ-(
ñ  Ø)&aŁÃﬁ¡~º¡,¥7%yÍ¼¨¨ ¾"ŁÁ ÉÂ|,º¡¼>FÒ¾¿Øw¨Ã&H¡ ~Ø¼¸¨Ł ¾+¤ 7¡ ~Æ¢j¦ªØ× º~¡ŁcÊ~¥Ł##&~¥w©
&Ò# ¥w¼©¼#&½,Á5 úÂ|º¡¼ú÷Î¾¿Éc¡w¥w~º%Åﬁ%¨¡¼ÊÈy½&Ì|©Ö~¡É¼Ä¾¿ÖÌc~¥Å&¿ﬁ&¡½¥wÃ&©%¼,Áy"
Ł¸)¥¥w©&¡ ﬁ7¥wÃ&©%¼Æ%É¡ Å¢¦¯ªD9%Á ·¼|¥Ł¨yÃÒ¡ﬁ,c¡,¥i¯Â|º%mø)ü% Ã"ﬁº%iÃÒ~ºŁ¨)¥w,¥
Í¼i¡ ¡¼¥w,¾+ òÃ½¬¼É¨¼i¾+¡ R Ó¢¦¯ª #&w¥wŁ¨ﬂÈ¿¼~¥Û½Às Í,¨ÀÚ¸)Ó¼ﬁ¡¥R¸|Às¼¡ ,,¼¥Ł#ŁÁ
Â|º¡¼ mÍ%¡½&¨Ãﬁj ,¡¥wÃ&©%¼7¼~¥Ô¥w£),ÅÖ¡&¸~¨½¼¡¼Ô&+º%~¡ﬁ¡,~ºÀ%ÁÂ|,º¡¼§¥wÃ¡ºŁ~¡¡,H¾¿¼Ì
s¼©%¡¡·¼s~ºŁ¼¨ÎŁ¡ w¥Ú¥w,º¡¼~É¾+¡ Ú¡ﬁa,ºÞ%Î&j%Ł¾ ¥w¼©¼#& À|)ŁÁÄÂw,º% 
¥wÃ¡ºŁ~ﬁÄ H~%º+&¡ H Ç¼¡¢j¦¯ªjFwÁ  ÖÂ|,º¡¼ * ¾¿H¡,ÇcÃ¡¤¿¡ H8w¼¨ﬃ%¡w¥w)º,¥m&¸a Ç¼%üwÂw,º% (
¥wÃ¡ºŁ~ﬁÒ¡,¨&¡,¥m¾¿¼ÌaÈw¼~¥ÎÂw,º% 9,öº%~º¨~¥wŁÁ
ÒçÆê'ê íðØëﬀﬂﬁﬃ! sðê"ûëﬀïyîjë#ﬃ|ð%$& ï'ﬂ()(*ﬃúðﬁé,+-/.
jº,º%¥w©½¡»&» º¼¨%Î¡Ł½¼%º,ŁÈ¡ ·%º%Î%§É¡#&~¡¤%Ö·~ﬁj ~Ç%ﬃ¸aŁ,¯º%É~¨Ł¡,¥Ö¸aÍ%¡H 
¡#&)ﬁ¡¼¯Ãj£~Ãﬁ ¥yÁ<Ø¡ ~¼º¡¼¯|Ç¼%¨Ç%,j¼¯¼¸¹,º10½& º¨Ã¼jw¥wŁ¨¨,¥§¸|ÀÎ¡ ﬁ É¥¼©¼#&T½¼Ìc©
ÖºŁ¼¨¨§&¼¡ ,7¼¸w¹º32Ý«¬¼~¥Þ),¡ ~¼~H~¡~©m ½,¡¨¤Å¼Ä ~ ·º,&¨¨ú¡¼½ºŁ&¨Ãº~¨&¡¼)­Èy¡ %º%ÊÈÊ&~¥
¡ ~ŁÍ¼Å ¡#&~¡¤%ÊÈ*¥w|,&7º%É~¨Ł¡Éc¡¨ ºŁ&¨¨e ~¼¸aŁŁÓ¡º,Ç%,¥§¸|À42È*wº,¡,¥yÈa&~¥¯¡ É¡ﬁ~¨¤
¡~¡¥50|Á
Ë" ¾¿ŁÇ%ŁÈ%%Æ¡|¼i%Æ¾¿ºŁ¼~¡Ã¥wŁÆ¡ 7º,¼¡"¡ ) 30·&)¥62i©¼ cÒ¸)ﬃ¡ ~ﬃ&ﬃ¼¸w¹º7«Í,º~¡%)­%Ä ~ Ò~¼ﬁ
&72× H¡¼º¡¼¯Î¡ ½,&©¼Í¼80iÉ©¼ cÅ¸aÉ¡§ﬁ,~¥!0iÎ,¾ ,¡¼©¼Ö«¬º,&¨¨¸~%º#Ì­ÈyH¸a,ºŁ¼,7ºŁ¨&ﬃ¡ ) 
¾¿ºŁ¼¼j|¥Ł¨ﬁ¡) ¡¼)j¾+¡ ¯,ºŁ#ﬁ¼§%ºŁ¼¨¨¸~%º#Ì|j¾+¤ ¢j¦ªsﬁ&¡¥¼©¼#&½+¾+ Ãº# ºŁ¼¨¨ŁÇ%Łcﬃ&~¥
¼º¡¼~Ò|Ç¼%¨Ç|©Éº,&¨¨+¼¡H,ºŁ¼#¥w,¥i¼m¡#&~¡¤%~,Á
 ¡ ~jº%%|Ä¼y¡&¾Ò&+º%Éa¼~ŁcØ¡ "~¡%¸¨,  ~ ¿Åº%Éa¼~ŁcÆRaŁ¡Í¼½Ä7ºŁ¼¨¨¸~%º#Ì·¼7ºŁ¼a&»
,%

¾+ ¨

Ã"¯&Ö8|a,º¡¥Ö~ºŁ¼~¡ÃŁcj# 7jÌc~ ¾+Ö%Ò¡ ~m²#µ$:9µ&±aßŁ±~þ¿´¡ß<;ﬁßŁ±~þﬂ´¡Ï&±a²#ß=9*´¡µ582ß Á
ñ
 
¥wŁ£~¡¼¯¼ºŁ¼c¡#¼ºÒÍ%jº%)%Łcj¾+ Ãº# ¯&7~ﬁ)&¨¨ÀÖ¥wŁÇ%Ł¨¼a,¥§ºŁ¼¨¡,¨ÀÎ~¥wŁaŁ)¥wŁc¡¨ÀÖ&,%º# Ö&¡ ~Ł
¸a,º%,Ø%¡j¥?>º~¨¤Ò¡ ÃÆº,¼¡¼Á
ñ
 ºŁ¼)%Łc¿¡Ł»ﬂ,%¼~º+~¡%¸¨,^Ã¿¥w,º¸a,¥i¥wŁ¼¨aÓó Â@,À
(*
ùy&~¥
¡¼Å,º%É,~¥&¡¼~"Í¼" ·)¡¼©¼Å¼Ø¡Ł»¿¼~¥§a%ﬁº%~¥w¡¼~"Í¼Hﬁ¡) ¡¼)"¾+¡ Óº,&¨¨¸)¼º#Ìw"&Å Ç|¥,¥yÁ
\É%¡jÍ¼½&¨a¡,&¡ŁcÆ¼Ê¡ ~¿¼¸¨ŁAº,&¸aﬃÍ¼)¥Óó ¦Âwª
()(
ùÁ|¿¾ÆHﬁ )&¨¨a¡Ł%Èc~¡¼¡wº%¨aﬁ&¡j½%º# ~,
«
0
Âw¦¯#­Ò¾+¡ ¯»Ò&~¥Öa%ﬁºŁ¼~¥¤%~jº,&§¸a·~¡,¥§%j,º# c7Í%jw¥wŁ¨¨©Ł,c¡#&~ºŁ7¼¯ºŁ¼)%Łc
¨ŁÇ¼,¨Á
ñ
 H8cj¡¸~¡,º¡¼Ö¥wŁ%~&¡¿¡ Ã+~¡~©¼m8&¨ﬃ¾+ ~º# Ö¾¿ﬃ¾+¨¨Ê~¡ ¼©% ¼wÒ 7~&aŁÁ
 >BA  ﬃDC %.E*24ﬃ ﬀF	G %212IH*%J"LK0 ﬂNMOQP
ñ
 +Í%¨¨ ¾+©H&¨"Ã~¡,¥¥w  *ŁŁcÄÇ%Ł#ﬁ¼)'¡7¨¨~ﬁ¡# ¡ﬁ,Ç¼Ł#&¨|¼¸~¨,Ø¾+¤ iºŁ¼¨¨¸~¼º#Ìwe¢j¦¯ªÄÁ ÄÃ
Ç &&¡¼Î&'¡ ô¸)ﬁ,¡Ç%ŁÒ~ ¡¡,¡úó õﬃ
(*
ùÈó õHË
&

(
ù'&)¥mw¥w,¨+)&¡Ò&'¡ ~·¢j¦¯ªÞ|¼¨j¡©%%¢j¦ªÚó "©&ùÁ
R
ñ
 Éº¨Ã¼j¥wÃ&©%¼ûý'©%;F¡a,º£~" ~ ¡ ,¡É&7¾ÆÎ¥w  a,¡,%Hº¨Ã¼ﬁ"8cŁ~¥©i¡ &¸)%ººŁ¨%¡
ô¸~¡ŁÇ¼,pC

¨Ã¼

¼©¼#& Ä¥¤¼e&~¥
7
Ç
0
¼¼È¸a&¡ ºŁ¼a¼,%#e&*¡ ~Ò¡|¼¨ﬂ× ÆõH¢ e¼Ø¡  ¾+Éý'©¼+÷Á
ñ
 ,À
,¡ŁcÄ7©%¼ ÃºÒÇcŁ¾Û%¡ j¦¯|¥Ł¨ﬂÈ¼¾+ Ãº# ½Ø¡ ¢j¦¯ªÉw¥w,¨)ºŁ¡ ¡¥É¸cÀ¡ ~j~¡ŁÁ
ñ
 j¦¯|¥Ł¨~Ã ¡¸w¹º
~¥Ł½¼¸)ﬁ,¡Ç  %s¼~¥ÐºŁ¼c¼~w¥w,¨+Ł¨ŁŁc½¡~º# Ú¼½º¨Ã¼¡,,Èe%¡¡wºÃ %~¼~¥s©¼Ł~Ł#&¨S@ ¡¼Ð¡,¨&¡¼~
¾+ Ãº# Þº,&Ó¸)%¥¥w,¥ÊÈÊº# ~&©%,¥Ó&~¥¡,É Ç%,¥¸cÀ§)&¡¡Ãº¨Ã&H w¥ŁÁ/ Þ H8&¨¾¿½º¼)ºŁc&¡É¼¯ 
Ł Ç &¨*&e|¥Ł¨Ê,¨,É,c+&)¥i%¨ÀÎº%~ﬁÃ¥w,¿Ł¡ w¥+¾+ ~º# §&ﬃ¡,¨,Ç¼cÒÎ¡ Ã"ºŁ¼c¡8cÁ
ñ
 Éô¸)ﬁ,¡Ç%Ł#Ò)c¡¡," w¥¾+ º# §,wÍ¼#º&§*¥ ¾+ ~ŁÖ¡ ~¦§w¥w,¨ ~%"¸aŁ,º# ~&~©¼,¥ÊÁ
ñ
 ,¡·¼¡
¡Ł~¼&¡"*¥&¡» w¥ÆÍ¼Æ¡ H¥wŁ¨%i¼,%º# Ì|~¥&w¥wŁ¨*,¨,É,cÆ ~ Ò¿º%~¡¥w,¡¥½ ,¡%Ácj¨¨*&¡ ﬁ
 w¥Ò¼Ì¼ﬃ¡ ~7Ł¨ŁŁc+¡ ) " ~%Ò¸),Ł§Ł Ç¼¥½Í¼Q ·¦§w¥w,¨Ê¼Ò~¼¼ÉŁ¡,,Á
ñ
 ~&",&)¿¡ ô¸~¡ŁÇ¼,
©¼Ł"ﬁ%ÉHwÍ¼½ %Î¼¸)%w"¾+ ~ "º# ~¼©¼Ò ~Ç¼ﬃwºŁºŁ¡,¥m&~¥Ö¥w¼" ~Ç¼¡½~¡wº¡Æ Åº%É~¨Ł¡Å¦§w¥w,¨Á T
 ¯¼¥~¥w¤%Ö¡½ ,¡Å*¥&¡» w¥

¨Ã¼

Ã&©¼#& Æ¥w¤¼+&¨Ã¡½¡ Ç|Ã¥w,ÒŁ¡ w¥jÍ¼"c~©º# ~&©%,
U
Ê{Ägh#!+ﬀÄ{ #e&·!+ﬀ 8 H###ﬂÅﬂ
"&¿!+
Øﬂ ﬂ#ﬀØ

e&
ﬂ¿'{¿#ﬂ	Ä	ﬁ
	ﬁÄ#ﬂØx7	ﬀ
ﬂØ

{Ä#	 #ﬀ|!+ﬀﬁ!+
j
#$'ﬂ-
 (.Hv5A
V
Ê{'ﬂ
!+ !+ﬁﬂ ﬂﬂﬃ
j#'{
%7W
6#ﬂ
#	ﬂ{,+
n
{Æ
!+Ä,
!"ﬂ
H{Hﬂ
+{m_'ﬂ+&H	
Ł#¬eﬂ
"{
%6STS
6Í#
#	{
n
{ﬂe{M_'ﬂ{ ﬁe
=XŁxjﬂ{ .H
,ﬀc
Ò- ﬂ{eﬀﬀ%ﬂﬂA
.H
Łﬀﬀ-¿ﬁ	ﬂ

n
 { 2.Hv·ﬂﬂØ #-ﬂ#!+  
requestDeleteClass(c:Class)
requestDeleteInh(i:InhRel)
requestDeleteAsso(a:Association)
requestAddClass(c:Class)
requestAddAsso(a:Association)
requestAddInh(i:InhRel)
...
Association
isSourceOrTarget(c:Class):boolean
...
Class InhRel
observers model
*
Observer Model
ClassDiagramEditor
NavPane
deleteAsso(a:Association)
deleteClass(c:Class)
getAssos(c:Class):Vector
getInhRels(c:Class):Vector
deleteInh(i:InhRel)
...
classes
*
assos
*
inhRels *
updateClassDeleted(c:Class)
updateAssoDeleted(a:Association)
updateInhDeleted(i:InhRel)
updateClassAdded(c:Class)
updateAssoAdded(a:Association)
updateInhAdded(i:InhRel)
...
... ...
...
...
T"
Q

(y#ﬀﬀ #	C"ih#!+ﬀ"	ﬀ #ﬂÊ #-#!
&'¡ ~Å¦§w¥wŁ¨ﬂÁ~ý%"¼É~¨ﬃ¡ ~Å¡ ~|¥A ? ? 8GF	>?I ? FG?
I :=8@8ÒÃ+cÇ%¼Ì%,¥e¡ ,¡HÃ"½º¨Ã¼+¡Ł¨,º,¥Îm 7,¥¤¼
&)¥ 7~¡Ł"¼¡Ìw¿Í¼+"¥Ł¨¡¼ÎÇ|ºŁ¨Ãº#Ì|©%ÖÉŁ|Î¤ŁÖÁ
ñ
 ½c¡Ł#¼º¡¼Ô¸a¾¿ŁŁò§¦¯|¥Ł¨T¼~¥Ó¾ÆÓô¸)ﬁ,¡Ç%Ł#	)?&~¥ <iú¡ﬁa¼~¡¡¯¡ ÃÅcÅ¸|À¯ 
~¡ŁHÃ7ﬁ  ¾+ÓÔý'©%Éø C	)?É|Ç¼%Ì¼,)? I ? FG?
>I :=8;8j%;¾+ Ãº#  ŁÔºŁ¼¨¨ÃHmŁ¡ w¥Ó¼Þ¤#ﬁ,¨¤Æ¡ ~&HÀ|Ł¨Ã¥7&¨¨
¼¡|ºŁ&¡¼~Äm¾+ Ãº# ¡ ~HºŁ¨%¡Ä¡ ) ÒÆ¡É¸aﬃŁ Ç%,¥~¼ﬁºŁ~&¡ŁÁ
ñ
 ,¡H¼ﬁwºÃ %~Ä¼¡ﬃ¥wŁ¨,¥m¼¸|À½¼
iÅ¨|¼&)¥½i,¼º# ½¡,&¡¼ Hô¸~¡ŁÇ¼,Ä&"Í¼É¥&¸a¼Ø¡ ﬁﬃº# ~&~©¼,,Á
ñ
 ~Æ|ºŁ,¥w~¡+,~ﬁ~¡¡ ) 
¡ ~Å¢j¦¯ªÔw¥wŁ¨¡,¼)ÆÇ ¼¨Ã¥Ö&~¥Î¥w|,+~&"º%%#&Î¼|ÀòÙ¡¥¼©¼¨©É%¡¡wºÃ %~¡Ü~Á
ñ
 

¨Ã¼

¼©¼#& Ä¥¤¼?§¾+ ~º# Ú ~¼|Ç¼%Ì¼,¥?I ? FG?
>I :=8;8ÉÃ½ﬁ¡¨¨"¾Ò&¡©ÞÍ¼ ¯º%¨Ł¡¼Ú&¡ Ã
 w¥Ö¾+ ŁÖj¡º,Ç%,Ò¼¡£)ºŁ&¡¼~+¼¸)%w¥w,¨Ł¡,¥Ö%¡¡wºÃ ¡¼)¿Í¡%·È~ﬂÁ ¼Á aŁ¡Í¼½+½ºŁ&¨¨¸~¼º#Ì%	)?¼Á
Ûﬁ¨Ã&c¡,%º¡¼·¼Ì¼,'¨Ã¼ºŁÄÍ%e¡ ÒŁ Ç &¨|&*&¨¨w¡,¨,Ç &c'©%Ł,¼¨ @,&¡¼ÅŁ¨Ã %~,Áý'~&¨¨À7¡ jô¸~¡ŁÇ¼,
,º,Ç%Ø&Å~a¥&¡Ä¡ ~&¡ ~Äc,ﬁ¡¥7¥wŁ¨%Å&~jº¨Ã¼Ê ~%Ê¸aŁŁº¼¨,¥yÁý%eô¸~¡ŁÇ¼,ﬀ	)?Ø £~~¼¨¼*¥&¡
Ã+&©%¼ÖºŁ¼¨¨¸~¼º#Ì½c¡,%º¡¼Á
"É%Ł#¼º¡¼É¨Ì¼¿¡ ) ÄºŁ¼¸a+É~¨,É,c¡,¥É
&
Ç ¾+¤ ¼wØ~¡%¸¨,½ŁÁ
ñ
 Ò~¼ﬁ#e&*a%¡¸¨Ò¨Ł,w»
&¡¼ﬁÍ%Ò¦¯|¥Ł¨*¾+ Ãº# Î¼¡ﬃ¡,¨,Ç &cÄÍ%Ò¡ 7ºŁ¼¨¨¸~%º#Ì¼¡ﬃﬁ ~ ¾+iÎý'©¼OÁ
ñ
 H¨ŁŁc# ¡¼Î&ÉŁ¡ w¥
)? I ? FG?ﬃﬂ < ~%H¸),ŁÔ¼ﬁ¡¥Þ¸)ºŁ&)ﬁÅ7Ç%ŁÀ¯ﬁ¨Ã&H ?I ? FG?!8@8#")Á<ÒÖºŁ¼¨¨Ä&$%"&)? I(' )? I ? FG?
>I :=8;8Ã7~¼ﬁ7¼
 w¥ A ? ? 8GF)
I :=8@8>?I ? FG?*Å&~¥½¡ 

¨%¡

¼©¼#& Ä¥w¡%+	)?jÃÄŁ©%ﬁ¡,¡¥¼¿&Îô¸~¡ŁÇ¼,Ø&,ÈcºŁ&¨¨¸~¼º#ÌÉ¼
¡  ¾+mÎ¡ Å¡c,~º7¥wÃ&©%¼QwºŁº~,Á
ñ
 %Ł~&¨¸aŁ )Çc¼~7&Æ%¸w¹,º7¼¿ºŁ¨%¡¡,7¦§w¥w,¨Ä&)¥

¨Ã¼

Ã&©¼#& Æ¥w¤¼HºŁ¼Ó¸a½|¥Ł¨¨¥Ó¸|À¢¦¯ª
ﬁ H%º# ,,ÁwÑÓH£)ﬁjº%~ﬁÃ¥w,Æ Åﬁ 7½¼º# ﬃÍ¼"¦§w¥w,¨¼+¡  ¾+m§ý'©%1~Á
Q¦§w¥w,¨Ø¼¸w¹ºÒ¹~ﬁ· ~%H¼½¥wŁ¬&¨ﬁ ¾+¤ ÔÖ¨|¼Ô&¡ ¾ ¡ ~&·ﬁ  ¾"H¾+ ~º# Þ¡ ~|¥~ÅºŁ¼Þ¸aºŁ¼¨¨,¥
&)¥¾+ ~&ﬃ	 aºH¡ ~ŁÀ¯ ~Ç%¼Á
7
%¡½¼¨¨À§Î¥,¡©%Łﬃ¾Æ%¨Ã¥¯¼7¥¾ ¡~º# Þmﬁ&¡½¼º# É¸)ºŁ&)ﬁÉ¤Å¥w|H&
º%c&i¼cÀÉ%Ł,ﬁ¡©ﬁ&¡ﬃº# ~&©%,,Á%Ëj ¾Æ,Ç¼ŁÈ&¿Ã¿ºŁ¡¼~¨À½7Ç &¨Ã¥i¢j¦ªﬁ j½¼º# ~ﬃ&~¥¾Æ~ﬁ¤Ò ,¡
-
 
Êﬂ!+ﬀ	 xÒ{ -ﬁ#¿ ﬁe!+	{#ﬂ!+
n
{	{#ﬂﬂŁ #ﬀ|jﬂ{ﬁ#ﬀc!+ﬀ!+Łﬂ

#~$'-
 2.Hv#ﬂe
#'ﬃ{ﬂA
K - ﬁwe# * ﬁ ﬂ+zŁ
/	"
 -
 *
#
#w{Ø$'-
 2.Hv;`e }
¡½¥w,¼~ﬁ¡#  ~ + 7¢j¦¯ªúﬁ&¡H½¼º# 7¡Ł½&c¡ÃºŁÒ©%Ł,¼¨¨À¥w|,Ò~&+½&Ì¼7¡Ł~¡ﬃÍ¼"º,&¨¨¸~%º#ÌwŁÈ|ŁÇ%Łm
¡~º# Î¡É~¨Åº,¼¡,,Á
ÑR ,Öº,&¨¨Ê&,?I ? FG?
>I :=8;8¿¼¡Ç%,Ò j¦§w¥w,¨Ê¼¸¹,ºÈ|¡ Å¨|¼m¡#&~¡¡¼Î¾+¤ Ö¡ ÅºŁ¼¡ﬁa¼~¥©É¨Ã&¸aŁ¨
ÃÒ¡©%©¼,¡¥yÁ
ñ
 ~ "¨,%¥¿¡ºŁ¼¨¨&)? F !8;8#"8Ò%i ·&H¼¸w¹º  ¾+ º# Ö ~%Ò&"À%+£~~¡ ,¥m 7w,ºŁw¡¼
&Ò ½£~#7¼~¡¤%ÊÁ
ñ
 i¢¦¯ªRw»ﬂ¡¼»ºŁ¼¨¡¼ú¡Ł½&cº,H¡¡ºŁ¡¸a,H ~  Tº,&Ô¼~¨ÀÓ¡wºŁ,H¡ mºŁ&¨¨
&)? F !8;8#"8"&¡,j ·¨|¼Ö¡#&)ﬁ¡¼Ö¡©¼©%Ł,¥Î¸|À )? I ? FG?
I :=8@8" )¼"¸aŁ,º%¨Ł¡¥yÈ)¾+ ~º# ¯¾+¨¨,Ç¼," ~&~),ÊÁ
7
¼¡Ãº¿¡ ) ¡ ~e¼¸~¨, wºŁº~'~¥wŁaŁ)¥wŁc¡¨À·¼a¾+ ~¡ ~Łe¡ ~Òº,&¨¨¸)¼º#Ì7 w¥Éº# )&©%,¡ "ﬁ&¡Ò&*&É¼¸w¹º
¼+~&,Á
ý%"½¼7º¼¨ÃºŁ ,¥Î¼É~¨ÅºŁ¼~¡¥Ł+ ·ﬁ 7½¼º# HÍ¼

¨%¡

Ã&©%¼ Ä¥w¡%,È|©¼Ç¼,m¯ý'©%

Á
ý%H¡¼¥¼¸¨À¼Èy&Þ&¡ ¾ ½ÀÖ¡,,¡Łcﬃ%¡¡ ~¼Ó%¡#&~¡¤%¾+¡ Ó¡ ½&ﬁ%ºŁÉ¼~¥§#&©¼ŁHﬁ&¡,,Á
ñ
 Ò¥w  a,¡,%e¼~ﬁ¡¼¨¼¸),¨e¼¡¿ﬁ,~&# ,¥7¸|ÀÅº%%ŁÁ ý~¼'~ﬁ¼~ºÆ¡ ~Ò¼¡ ¾ÞÍ¡% # ÉÙ¼¥¥@  ·¥wÃ¡¼¸¨,¥Ü
¡É¡Ł¨'Ł,¡Łc#Ø ¡,j¼~¡¤%~ŁÁ|ÑÞ7¼ﬁ¡ ~&"&¨¨aŁ¡ w¥Ò¼

¨%¡

¼©¼#& Ä¥w¡%Æº,&i¸aH|Ç%¼Ì¼¥½¼
¼~É¼ÆH%¸w¹,ºH¾+ ,Ó ¼¸w¹º7ÃHúﬁ ÔÙ¡&¨¨e¸w¡¡¼)7Ł~¼¸¨,¥Ü~Èa¸~wÅ¼¨À¡  ¾  %¡¡#&~¡¤%Ó¨Ã&¸aŁ¨Ã
 ,¡ﬃ¡ ) j&H&'c¡,¡ÒÍ%Ò¡ 78w¼¨%Á

ŁaŁ~¥w©Ô¼Ð¡ §%¡¡wºÃ ¡¥ò¦§w¥w,¨Ò¡¼Î&¡ Ö,¥¤¼× ¸w¡¡¼)Àú¸a§¥wÃ¡¼¸¨¥&Á
ñ
 ÃÃ)ﬁŁÍ¨Ò¡
ŁÇ%Łc+¡ ~¡Ł+Í¼Õ¥w#¾+©½¢¦¯ªòºŁ¨%¡"¥¼©¼#&A ~ j|Ç &¨¥ÊÁ
ñ
 Å¥w¡¼jj¡Ã&¨¨ÀÎ¯½ﬁ Å¾+ ,¡
¡ ~m¸ﬁ¡%~·Í¼¼¥¥w©%¡¡wºÃ %~Å&)¥ú©¼,Ł#&¨S@ %ú¡,¨&¡¼~Å¡¯ mºŁ¨%¡¥wÃ&©¼#&?&i¥wÃ&¸¨,¥yÁ
ñ
 ﬁ
¸w¡¡%~ŁÈe¾+ Ãº# Ð¼¡ÎºŁ&¨¨,¥ Ù¼¥¥¡¡%Ü&~¥ Ù¼¥¥@  ~Ü¯ò Ã8&¨¼Èe&iﬁ ~ ¾+Ð&~¥Ð¨¼¸),¨¨,¥òÚý©¼~¡Î÷Á
ñ
 ~ﬁ,Ø£~#ﬁÆ ~%¡Éº,&¡jº¨Ã¼Ø¸aÍ¼  ~jºŁ¼¥w£~~ﬃ¼cÀÉŁ¨Ã ¡¼)ﬁ ~,ÁcÂ|¨Ã&¨ÀÉ¥w#¾+©Å©¼,Ł#&¨ @, %
Ł¨Ã ¡¼)ﬁ ~ÄÆ¼¨À)c¡¡¸¨ﬃ ŁÆ¡ ﬃ~¡Ł¿ ~¼Æ¼¥¥w¥¾¿º¨Ã¼¡,Å ﬃ¥¼©¼#&ÖÁ
ñ
 ÃÆ¡,Ç¼,%# ﬃºŁ¡ %
&É|¥Ł¨Êº%c&©¼7ºŁ¨%¡Ò¾+¡ §º#º¨Ã&Ò©¼,Ł#&¨ @, %ÊÈ|¾+ Ãº# ÎÃ¿Í¼¸Ã¥¥w,ÎÖ¢j¦¯ªÄÁ

Ê{y&{ ﬁ,
Êy
#Ê #¬Ê
#w$'-
 2.HvÅ/8
n
ﬀﬀ
n
 {j ﬂÊ#!ò
#w--Æ{ey"{
,	 ﬂ
j
#|#ﬀ 2.HvÅ!+
Łﬀ
#ﬂ#'#gh#!+ﬀe
#	ﬁ#ﬀﬀ #	'C,ﬂ{ 	{ #-Æ#
6o¬	 4 ﬂﬂA
.H
Łﬀﬀ-¿ﬁ	ﬂ

n
 { 2.Hv·ﬂﬂØ #-ﬂ#!+  
cde: ClassDiagramEditor m:Model np:NavPane
requestDeleteClass(c)
deleteClass(c)
av = getAssos(c)
deleteAsso(a)
updateAssoDeleted(a)
updateAssoDeleted(a)
delete all 
*[1..|av|]
associations in av
iv=getInhRels(c)
updateInhDeleted(a)
updateInhDeleted(a)
updateClassDeleted(c)
updateClassDeleted(c)
deleteInh(i)
delete all
 
[1..|iv|]
inheritance relations in iv
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deleteAsso(a)/updateAssoDeleted(a)
getInhRels(c)
getAssos(c)
deleteInh(i)/updateInhDeleted(i)
forall a in av deleteAsso(a);
iv=getInhRels(c);
forall i in iv deleteInh(i);
updateClassDeleted(c)
deleteClass(c)/ av=getAssos(c);
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requestAddClass(c)
updateClassDeleted(c)
updateClassAdded(c)
updateClassAdded(c)
requestDeleteClass(c)/model.deleteClass(c),
requestAddAsso(a),
requestAddClass(c)
addInh disabled
updateClassDeleted(c)
requestDeleteClass(c)/model.deleteClass(c),
...
updateClassDeleted(c),
addAsso and addInh disabled
all buttons enabled
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deleteInh(i)
r = [c!=null]getInhRels(c) / [r.size() <= inhRels.size()],
deleteClass(c),
deleteAsso(a),
r = [c!=null]getAssos(c) / [r.size() <= assos.size()],
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o:Observer
...
...
Model:deleteClass(c:Class)
o.updateClassDeleted(c)
model.deleteClass(c)... ... ...
ClassDiagramEditor:requestDeleteClass(c:Class)
... ...
ClassDiagramEditorupdateClassDeleted(c:Class)
call of 
requestDeleteClass
...
call of deleteClass on model
call of updateClassDeleted on o
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